Docosahexaenoic acid block of neuronal voltage-gated K+ channels: subunit selective antagonism by zinc.
The omega-3 polyunsaturated fatty acid docosahexaenoic acid is highly enriched in neuronal membranes, and several studies suggest that DHA is critical for neuronal development. We have investigated the effects of exogenously applied DHA on voltage-gated K+ channels using patch-clamp techniques. DHA produced a concentration-dependent inhibition of the sustained outward current in isolated neocortical neurons. This blocking action was examined in more detail with two cloned neuronal K+ channels (Kv1.2 and Kv3.1a) expressed in mammalian fibroblasts. DHA produced a potent inhibition of depolarization-activated K+ currents from cells expressing these channels (Kd values, 1.8 +/- 0.1 muM and 690 +/- 60 nM, for Kv1.2 and Kv3.1a, respectively, at +40 mV). The DHA block of both channel types was rapidly reversed (approximately 2 sec) by bovine serum albumin, which binds the fatty acid. Micromolar concentrations of extracellular Zn2+ non-competitively antagonized DHA inhibition of Kv1.2 channels, whereas there was little effect on DHA block of Kv3.1a channels. Experiments with membrane patches from Kv1.2 transfected cells demonstrated that the DHA block occurred from the outside, suggesting that the fatty acid interacts directly with an external domain of the ion channel. DHA may serve as a local messenger molecule that selectively modulates the activity of certain voltage-gated K+ channels in a Zn2(+)-dependent fashion.